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(54) Detection of transitions between text and non-text frames in a videostream

(57) Detecting the start of a credit roll within video
program may allow for the automatic extension of video
recordings among other functions. The start of the credit
roll may be detected by determining the number of text
blocks within a sequence of frames and identifying a point
in the sequence of frames where a difference between
the number of text blocks in frames occurring before the
point and the number of text blocks in frames occurring
after the point is greatest and exceeds a specified thresh-
old. Text blocks may be identified within each frame by
partitioning the frame into one or more segments and
recording the segments having a pixel of a sufficiently
high contrast. Contiguous segments may be merged or
combined into single blocks, which may then be filtered
to remove noise and false positives. Additional content
may be inserted into the credit roll frames.
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Description

BACKGROUND

[0001] Schedules for television and other video pro-
gramming may often be unpredictable due to various cir-
cumstances. For example, a sporting event may run past
an expected or scheduled end time due to extra innings
in a baseball game, overtime in basketball, football or
hockey, and the like. Similarly, other types of program-
ming such as movies or news may also exceed a prede-
fined end time due, for example, to previous shows or
content deviating from their schedule, resulting in a cas-
cade effect. Accordingly, if a user has defined a recording
for a program based on predefined scheduling informa-
tion (e.g., in an electronic programming guide) and the
program extends passed the scheduled end time, the
recording of the program might not be complete.

BRIEF SUMMARY

[0002] The following presents a simplified summary of
the disclosure in order to provide a basic understanding
of some aspects. It is not intended to identify key or critical
elements of the disclosure or to delineate the scope of
the disclosure. The following summary merely presents
some concepts of the disclosure in a simplified form as
a prelude to the more detailed description provided be-
low.
[0003] Aspects of the present disclosure relate to sys-
tems and methods for detecting a beginning of a credit
roll of a video program within a video stream. For exam-
ple, detection of the beginning of a credit roll may be
performed by extracting a plurality of frames and analyz-
ing each frame to identify text blocks within those frames.
Since a credit roll may include more text for a longer
duration than in other content frames (e.g., scenes of a
movie, sporting event, news broadcast, etc.), the number
of text blocks in the video frames and a pattern thereof
may allow detection of a transition point. Accordingly, the
number of text blocks may be counted for each frame
and placed in a sequence according to the chronological
order of the frames. A wavelet may then be applied to
the sequence of numbers to identify a point within the
plurality of frames where a greatest difference exists be-
tween the number of text blocks detected in a first set of
frames chronologically prior to the identified point and
the number of text blocks detected in a second set of
frames chronologically after the identified point. The point
of greatest difference may be identified as the starting
point of the credit roll.
[0004] According to another aspect, identifying text
blocks within a frame may be performed by defining a
text analysis window size and partitioning the frame
based on the defined text analysis window size. The high-
est contrast exhibited by a pixel within each partition or
segment may be identified and compared against a
threshold contrast value. If the highest contrast meets or

exceeds the threshold value, the corresponding partition
or segment may be recorded. Those partitions that do
not include a pixel having a contrast that meets or ex-
ceeds the threshold contrast value may be discarded or
not recorded. Subsequently, contiguous recorded parti-
tions may be merged into single text blocks. The blocks
may then be filtered to remove false positives such as
noise and images that might have high contrasts. For
example, the filter may remove any blocks that are not
of a predefined threshold size (e.g., a certain number of
pixels high and/or wide) and blocks that do not have a
sufficient high contrast pixel density. In the latter case,
the system may determine the number of pixels within
the block having a contrast exceeding the threshold con-
trast and calculate a density therefrom. If the density does
not meet or exceed a particular density threshold, the
block may be discarded as a false positive.
[0005] According to another aspect, identifying the
start of a credit roll may allow a system to automatically
extend recordings if the credit roll has not been detected.
Since the credit roll is typically located at the end of a
video program, the credit roll may be a reliable indicator
of when a program is about to end (or a substantive por-
tion of the program has ended). In one example, frames
may be extracted from a video stream upon detecting a
current time matching a predefined amount of time prior
to a scheduled end time of the program being recorded
(e.g., 10 minutes before the scheduled end time). In one
example, the extracted frames may comprise 2 frames
per second of the most recently recorded 5 minutes, 10
minutes, 30 minutes or other time periods. The system
may then determine if the start of the credit roll is detected
based on a text block analysis. If not, the system may
extend the recording end time by a predefined amount
of time (e.g., 10 seconds, 20 seconds, 30 seconds, 2
minutes, 5 minutes, etc.) and continue to monitor for the
start of the credit roll based on a subsequent set of
frames. If the start of the credit roll is detected, the system
may set (or reset) the recording end time to a predefined
amount of time after the start of the credit roll. Alterna-
tively, the system might not alter the current recording
end time when the start of the credit roll is detected.
[0006] According to yet another aspect, video pro-
grams such as video on demand and other assets may
be processed such that additional content and informa-
tion may be automatically inserted into the credit roll por-
tion. For example, advertisements, viewing recommen-
dations, news, weather, games and the like may be in-
serted into areas of the credit roll that do not include text.
In another example, the credit roll may be shrunk to a
smaller size to allow for the placement of the additional
content in the remaining display space.
[0007] The details of these and other embodiments of
the present disclosure are set forth in the accompanying
drawings and the description below. Other features and
advantages of the disclosure will be apparent from the
description and drawings, and from the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure is illustrated by way of
example and not limited in the accompanying figures in
which like reference numerals indicate similar elements
and in which:

FIG. 1 illustrates an example content distribution net-
work through which video programming and other
content may be delivered.
FIG. 2 illustrates an example computing system that
may be used to implement one or more aspects de-
scribed herein.
FIG. 3 illustrates an example method for automati-
cally extending a video recording according to one
or more aspects described herein.
FIGS. 4A & 4B illustrate a process for identifying a
transition between text-heavy video frames and non-
text heavy video frames according to one or more
aspects described herein.
FIG. 5 is a flowchart illustrating an example method
by which text blocks may be detected in a video
frame according to one or more aspects described
herein.
FIGS. 6A & 6B illustrate an example of determining
contrast for a video frame pixel according to one or
more aspects described herein.
FIGS. 7A-7C illustrate an example process for iden-
tifying text blocks according to one or more aspects
described herein.
FIG. 8 is a flowchart illustrating an example method
for inserting additional content into a portion of a vid-
eo stream according to one or more aspects de-
scribed herein.
FIG. 9 illustrates an example video frame including
inserted additional content according to one or more
aspects described herein.

DETAILED DESCRIPTION

[0009] FIG. 1 illustrates an example content distribu-
tion network that allows delivery of content from a service/
content provider server 101 to one or more user systems
such as a display 103, set top box 105 and computing
system 107 (e.g., desktop or laptop computer, mobile
device such as a smartphone, etc.). The distribution net-
work may include multiple networks including a public
switched telephone network (PSTN) 109, and digital net-
works 111, such as coaxial cable network, optical fiber
network, a hybrid fiber/coax network, cellular telephone
wireless network, local wireless (e.g., WiMAX), satellite,
etc. In one or more arrangements, network 111 may sup-
port a digital voice network by digitizing voice communi-
cation and transmitting the data over lines of the network
111. A digital voice network may be supported by a co-
axial cable network, a fiber optic cable network, a satellite
network, or any other desired physical network architec-
ture. In one or more configurations, content and services

provided by the provider 101 might only be accessible to
users with membership or a certain level of membership.
[0010] Network 111 and/or PSTN 109 may further sup-
port access to a data network including, for example, a
wide area network (WAN) such as the Internet. In one
example, PSTN 109 may allow a computing system to
access the Internet through a dial-up modem. One or
more portions of network 111 may be part of a private
local area network (LAN). Alternatively or additionally,
network 111 may include one or more logical networks
that may be public or private. For example, a service
provider such as a video or television content distributor
may provide a private logical content network that only
allows subscribers (e.g., clients 103, 105 and 107) to
receive and/or consume the content distributed there
through. The content transmitted through the private log-
ical network might also be encrypted according to an en-
cryption protocol that only members of the logical network
is configured to understand. The private logical content
network may be defined by multiple network addresses
corresponding to the members of the network (e.g., cli-
ents 103, 105 and 107 and service provider server 101).
Alternatively or additionally, a user may place orders for
content or communicate other information to service pro-
vider 101 using a communication device such as mobile
phone 113.
[0011] FIG. 2 illustrates a computing system 201 that
may be used to implement various aspects of the disclo-
sure. For example, computing system 201 may be used
to identify a transition between video portions having little
to no text and video portions having more substantial
amounts of text, as discussed below. For example, com-
puting system 201 may be used to determine the begin-
ning of a credit roll at the end or another portion of a video
program in a video content stream. Computing system
201 may be included at a central facility of provider 101,
and/or at clients 103, 105, 107 or 113 of FIG. 1, for in-
stance. By identifying the beginning of a credit roll, as
discussed in more detail below, computing system 201
may more accurately identify the end of the program.
Such accuracy may improve the ability of a recording
device, in one or more examples, to fully record a pro-
gram if the program deviates from a predefined schedule
(e.g., if a movie extends past an end time defined in an
electronic programming guide (EPG)). Program devia-
tions may occur due to a variety of causes including the
late ending of a previous program, overtime in sporting
event programming, other program overruns (e.g., Acad-
emy Award speeches running longer than the allotted
time limit), service irregularities (e.g., disruptions in serv-
ice) and the like. Since such events are typically un-
planned, a user wishing to record a program may find
that the recording prematurely ends. Additionally, the
identification of the credit roll portion may allow the com-
puting system 201 to add additional content information,
such as recommendations for other programs, weather,
news, advertisements and the like.
[0012] Computing system 201 may include a variety
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of firmware, software and hardware components includ-
ing one or more processors 203, memory 205 (e.g., ran-
dom access memory (RAM) and read-only memory
(ROM)), input adapters 207, output adapters 209 and
network adapter 211. Processor 203 may be configured
to perform mathematical calculations and execute in-
structions stored in memory 205. Such calculations and
instructions may include determining a level of contrast
for each pixel in a video frame. In another example, proc-
essor 203 may be configured to execute instructions for
identifying text blocks within a video frame, as further
described herein. Memory 205, in addition to storing com-
puter readable instructions, may further store content
items such as video, audio and/or text, user profile infor-
mation, service information and various other types of
data. Memory 205 may include various types of storage
including optical, magnetic and flash storage systems.
Input adapters 207 may be configured to facilitate the
reception and processing of data from one or more input
devices such as a keyboard 217, a remote control 219,
a video camera (not shown), a microphone (not shown),
a motion sensing device (not shown) and the like. For
example, input adapter 207 may be configured to receive
and process input from a user specifying a program that
the user wishes to record using remote control 219. The
recordation instructions may subsequently be stored in
memory 205. Output adapters 209, on the other hand,
may be configured to facilitate the outputting of data to
one or more output devices such as a display 213 (e.g.,
computer monitor, television) or other visual output de-
vice, speakers 215 or other audio output systems, tactile
and/or haptic feedback systems (not shown) and the like.
In one example, video content may be displayed to a
television and/or to an external or internal mass storage
recording device (not shown).
[0013] According to one aspect, computing system
201 may store programming and instructions that may
be executed by processor 203 to identify the start of a
credits portion in a video program. A credits or credit roll
portion may, in one example, include a portion of a video
program that displays all the entities that contributed to
the production of that video program. The credit roll may
list actors, producers, audio and visual editors, movie,
television and/or music studios, and the like. The credit
roll is generally included at the end of a video program
and thus, may be particularly indicative of when a video
program has ended. Accordingly, computing system 201
may insure that a video recording, for instance, is auto-
matically extended to fully capture a video program by
detecting the start of a credit roll. Once the computing
system 201 detects the start of the credit roll, the com-
puting system 201 may instruct a recording subsystem
to end the recording a predefined amount of time (e.g.,
2 minutes, 5 minutes, 10 minutes, etc.) after the detected
credit roll start. Capturing the entire credit roll might not
be as imperative as capturing the entirety of a substantive
portion of the video program. In other examples, com-
puting system 201 may be configured to perform other

functions upon detection of the start of the credit roll. For
example, computing system 201 may identify areas of
the credit roll in which additional content such as recom-
mendations, advertisements, news and the like may be
inserted without overlaying or obscuring existing text.
[0014] FIG. 3 illustrates an example method by which
a beginning of a credit roll may be detected in a video
stream including a video program and by which a recor-
dation may be automatically extended based thereon. In
step 300, a recording system may receive user input iden-
tifying parameters for recording video content. The re-
cording parameters may include, for example, a program
name, a listing in an electronic programming guide
(EPG), start and end times, a service or content source
identifier, whether the recording is to be recurring or a
one-time-only event and/or combinations thereof. In
many of the aforementioned examples, the start time and
end time of the recording may be determined based on
a predefined schedule. In steps 305 and 310, the record-
ing system may store the recording parameters and wait
for appropriate triggering events, respectively. For exam-
ple, the triggering event may include the occurrence of
the specified start time. In step 315, the recording system
may determine whether the triggering event has been
detected. If not, the system may return to step 310 to
continue monitoring for the triggering event. If, however,
the recording system determines that the triggering event
has been detected, the recording system may begin re-
cording content according to the specified recording pa-
rameters (e.g., channel, program name, etc.) in step 320.
[0015] Once recording has begun, the computing sys-
tem may monitor the current time in step 325 and deter-
mine whether the current time matches a predefined
amount of time prior to the scheduled end time of the
video program in step 330. For illustrative purposes, the
predefined amount of time may be 10 minutes. In other
examples, the predefined amount of time may be 1
minute, 2 minutes, 5 minutes, 15 minutes, 20 minutes,
30 minutes and the like. If the current time does not match
the predefined amount of time prior to the scheduled end
time, the computing system may return to monitoring the
current time in step 325. If, however, the current time
does match, the computing system may extract a number
of most recently recorded video frames in step 335 (e.g.,
from a mass storage device of the recording system or
a receiver buffer). In one example, the number of extract-
ed video frames may be determined based on the use
of 2 frames per second to extract frames for the last 5
minutes of recorded video (resulting in 600 extracted
frames). In other examples, more or less frames may be
extracted per second, or frames can be extracted to cover
greater or less time depending, for example, on a speed
at which text moves in the rolling credits.
[0016] Upon extracting the video frames, the comput-
ing system may subsequently determine a number of text
blocks in each frame in step 340. A text block may include
a contiguous or continuous region of text in a video frame.
A text block may be defined in various manners based
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on allowable text block shapes and sizes and/or an
amount of allowable space between characters of text
(e.g., to still be considered within a single text block). An
example method for identifying and determining a
number of text blocks in a video frame is described in
further detail below with respect to FIG. 5. A number of
text blocks may be relevant in identifying a beginning of
the credit roll since a credit roll generally includes signif-
icantly more text than a substantive portion of a video
program. For example, a movie generally includes imag-
es of people or scenery with very little text whereas a
credit roll is almost entirely comprised of text. According-
ly, identifying a transition between frames having smaller
amounts of text and frames having greater amounts of
text may correspond to identifying a transition from a sub-
stantive portion of a video program to a credit roll. Tran-
sitions may also be identified in a sequence of frames
that progresses from frames having large amounts of text
to frames having substantially less amounts of text.
[0017] In one arrangement, identifying the transition
may include analyzing the text block information using a
wavelet in step 345 to identify the point in the sequence
of frames where the greatest difference exists between
the left and right sides of the wavelet. A wavelet may
include a mathematical function used to divide a given
function or time signal into different scale components.
Wavelets and the application thereof are further de-
scribed below in FIGS. 4A and 4B. The maximum deter-
mined difference in number of text blocks in the extracted
sequence of frames may subsequently be compared to
a threshold difference amount in step 350. The threshold
may be defined based on the radius or size of the wavelet
used. For example, the threshold may be defined as 3
times the radius of the wavelet. Thus, in one specific ex-
ample, if the wavelet has a radius of 15 seconds (i.e., 15
seconds of positive frames and 15 seconds of negative
frames) and if the system counts text blocks once per
second, then the threshold difference may be set as 45.
If the maximum determined difference does not meet the
threshold difference, the computing system (e.g., com-
puting system 201 of FIG. 2) may return to step 335 to
continue the analysis for another sequence of recorded
frames. Additionally, the predefined end time for record-
ing may be ignored and/or extended as shown in step
360. If the maximum determined difference meets or ex-
ceeds the threshold difference, the corresponding point
in the recorded video stream may be identified as the
beginning of the credit roll and the recording may be
scheduled to end a specified amount of time after the
start of the credit roll in step 355. For example, the com-
puting system may schedule stoppage of the recording
1 minute, 2 minutes, 5 minutes or 10 minutes after a time
corresponding to the beginning of the credit roll. The
amount of recording time allotted after the beginning of
the credit roll may depend on an expected duration of
the credits, or a user’s selection. The expected duration
of the credits may vary and may be defined differently
for different content types. For examples, movies may

include longer credit rolls while television shows or sport-
ing events may include shorter credit rolls. Alternatively,
if the recording time is automatically extended each time
the analysis does not detect the start of the credit roll,
the recording time may be left unchanged upon detecting
the start of the credit roll.
[0018] FIGS. 4A and 4B illustrate an example process
whereby a wavelet analysis is performed across a se-
quence of video frames. In FIGS. 4A and 4B, each
number in listing 401 represents the number of text blocks
identified within a single frame of a sequence of frames.
For example, in FIG. 4A, 2 text blocks were identified in
the first frame of the sequence of frames while 5 text
blocks were identified in the second frame in that same
sequence and so on. Listing 401 may be arranged ac-
cording to chronological order, e.g., from oldest to most
recently recorded frame. Wavelet 403 may be defined
based on a specified amount of analysis time. For exam-
ple, in FIG. 4A wavelet 403 may compare a first 30 sec-
onds of a video sequence with a subsequent 30 seconds
of frames. Alternatively, wavelet 403 may compare a pre-
vious 3 seconds, 10 seconds, 15 seconds, 45 seconds
or 1 minute of frames with an equal number of subse-
quent frames. Each number of text blocks on the left hand
side of wave 403 may be deemed negative while each
number of the text blocks on the right hand side may be
deemed positive. A difference may then be calculated by
summing the numbers on the left hand side and summing
the numbers on the right hand side. In the illustrated ex-
ample of FIG. 4A, the left hand sum results in a value of
-32 while the right hand sum results in a value of +46.
The left hand sum may then be added to the right hand
side to determine a difference (e.g., 14).
[0019] This process may be conducted through the en-
tire sequence of extracted frames (e.g., moving the wave-
let right by 1 frame each time) and the differences ag-
gregated. For example, FIG. 4B illustrates the analysis
of a 1 minute period beginning with the second extracted
frame 405. The difference between the left and right hand
sides of wavelet 403 may be determined as in FIG. 4A.
The boundary of the wavelet may be subsequently
moved to a next frame in the sequence and so on until
the right boundary of the wavelet reaches the last frame.
The maximum difference may then be determined from
the aggregated differences (e.g., 14 in FIG. 4A and 16
in FIG. 4B). Between the illustrated examples of FIGS.
4A and 4B, the maximum difference would be 16 (52 +
-36). The point at which the maximum difference is gen-
erated or determined may then be identified as the be-
ginning of the credit roll.
[0020] FIG. 5 illustrates a method by which text blocks
may be identified within a video frame. The process may
rely on the typical practice for text to be displayed in high
contrast to surrounding colors and images to facilitate
reading. For example, text may be displayed with a bright-
ness or color that is significantly different from the bright-
ness of surrounding images. Accordingly, high contrast
areas may be identified in each video frame and identified
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as a potential text block.
[0021] In step 500, a computing system (such as com-
puting system 201 of FIG. 2) may receive a video frame
to be analyzed. The video frame may be comprised of
multiple pixels, depending on the resolution of the video.
For example, 1080p or 1080i video frames may include
1920x1080 pixels (for videos in 16:9 aspect ratio format).
In step 505, the computing system may determine the
brightness of each pixel in the frame. The brightness may
subsequently be used to determine a contrast of each
pixel in step 510. Contrast may be calculated for a current
pixel, in one example, by determining a difference in
brightness between immediately adjacent pixels. FIGS.
6A and 6B illustrate examples of calculating contrasts for
horizontal text and vertical text, respectively. In FIG. 6A,
the contrast for a pixel 601 may be calculated by deter-
mining the difference in brightness between immediately
adjacent left and right pixels 603 and 605, respectively.
For example, if pixel 603 has a brightness value of 100
and pixel 605 has a brightness value of 250, the contrast
of pixel 601 may be assigned a value of 150. Pixels on
the border of frame 600 might not be assigned a contrast
value. Alternatively, the border pixels may be assigned
a default contrast value such as 0. For vertically progress-
ing languages and text (e.g., Chinese) as shown in FIG.
6B, the contrast for a pixel 610 may be calculated by
determining the difference in brightness between imme-
diate adjacent top and bottom pixels 611 and 613, re-
spectively.
[0022] Referring again to FIG. 5, in step 515, a text
analysis window may be defined by specifying a width
and height of the window. The video frame may then be
partitioned into multiple sections or blocks according us-
ing the text analysis window in step 520. That is, the size
of each section or block corresponds to the size of the
text analysis window. The sections or blocks may be
overlapping or non-overlapping. In either case, each pixel
of the video frame may be allocated to a section or block
(or multiple sections or blocks). The highest contrast val-
ue within each block may then be compared to a thresh-
old contrast value in step 525. If the contrast value meets
or exceeds the threshold contrast value as determined
in step 530, the area corresponding to that section may
be recorded or otherwise noted as a block having text in
step 535. Otherwise, the section or block might be dis-
carded in step 540. In step 545, contiguous recorded
blocks may be merged into a single text block or section.
Contiguous blocks may be overlapping or non-overlap-
ping. For example, two blocks having boundaries that
are immediately adjacent to one another may be consid-
ered to be contiguous while two blocks overlapping (i.e.,
sharing pixels) may also be considered contiguous.
[0023] The size of the text analysis window (and the
partitioned blocks) may be defined based on an expected
maximum distance between pixels of characters in a
word, sentence, line, paragraph or other textual structure.
For example, if the computing system wishes to define
a single text block as a horizontal or vertical line of text,

the computing system may define the window width or
height, respectively, as being equal to the expected max-
imum distance between characters (or pixels thereof) in
a line of text. For example, a window width may be defined
as the distance between a top most pixel of the letter "t"
and the top most pixel of the letter "J" in the phrase "Di-
rected by Pat. January 2010." In some examples, the
width may be greater than the expected maximum dis-
tance (e.g., 10%, 20%, 25%, 50%, 75%, 100% greater).
The setting of the partition or window size in such a man-
ner may insure that a high contrast pixel is included in
every partitioned block within that line of text. Otherwise,
areas between characters within the line of text might not
be recorded or noted (e.g., if the window size is too small
and partitioned areas do not include a sufficiently high
contrast pixel). This may then result in the entire line not
being aggregated as a single block since the identified
areas might not be contiguous due to the non-recorded
areas. In another example, if the computing system de-
fines a text block to comprise a single word, the window
width or height may be equal to the expected maximum
distance between characters in a word and, in some cas-
es, less than an expected minimum distance between
words.
[0024] FIGS. 7A-7C illustrates an example use of a
text analysis window to partition a video frame into mul-
tiple segments or blocks. FIG. 7A, for example, illustrates
video frame 700 as partitioned into multiple windows 701
based on a specified text analysis window size. In prac-
tice, the partitions may be substantially smaller than il-
lustrated in the example of FIG. 7A. The highest contrast
value in each of windows 701 may be identified and com-
pared to a threshold contrast value. Those windows not
having a pixel with a contrast meeting the threshold may
be discarded while windows meeting the threshold may
be recorded. In one example, the contrast threshold may
be 60. Other contrast thresholds may be defined depend-
ing on preferences and/or content type. FIG. 7B illus-
trates a representation of video frame 700 once non-
matching windows have been discarded and matching
windows are retained. In one example, contiguous
matching windows, such as windows 703a and 703b may
be combined into a single text block. FIG. 7C illustrates
a representation of video frame 700 once contiguous re-
corded windows are merged into single text blocks 705.
[0025] Referring back to FIG. 5, once the text blocks
have been identified in the video frame, a filter may be
applied to the text blocks in step 550 to remove blocks
that are not size compliant. Non-size compliant blocks
may include those blocks that do not have a minimum
required height, width or both. Size requirements may be
used to insure that the identified blocks are blocks of text
rather than non-text related high contrast pixels. For ex-
ample, characters in words may have a minimum pixel
height depending on the font style and size used. Ac-
cordingly, those text blocks having a height of less than
10 pixels, for example, may be filtered out as noise or
false positives. False positives may also result from areas
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that include non-textual images or patterns exhibiting
high contrasts. For example, an image of a window on a
sunny day may be mis-identified as a text block due to
the high contrast between the border of the window and
the light shining through the window panes. To remove
such false positives, the computing system may further
perform a high contrast density filtering process to elim-
inate such false positives in step 555.
[0026] A high contrast density filtering process may
examine a high contrast pixel density of each of the iden-
tified blocks and compare the density to a threshold den-
sity. If the high contrast pixel density does not meet or
exceed the threshold density, the corresponding block
may be removed as a text block. In one or more exam-
ples, the threshold density may be greater than the width
of the text block being analyzed divided by the size of
the text analysis window. High contrast pixel density may
be useful in identifying false positives since text generally
exhibits a high frequency of alternating bright and dark
spots (e.g., pixels of the character versus pixels of the
background). In contrast, a bright window in an image
(e.g., sun shining through the window pane), for example,
exhibits less frequency in alternating bright and dark
spots and thus may exhibit less high contrast areas. That
is, while there are transitions at the boundary of the win-
dow pane and the window frame or walls adjoining the
window, the brightness within the window panes is gen-
erally consistent and continuous. Thus, contrast within
the window panes may be low and high contrast pixels
might only be identified at the points where the window
pane ends and the window frame or an adjoining wall
begins.
[0027] In step 560, the computing system may subse-
quently determine the number of distinct text blocks iden-
tified from the processes of steps 500-550. The comput-
ing system may equate the number of distinct text blocks
to the number of words, sentences, paragraphs, lines or
other text structure in the video frame.
[0028] The detection of the beginning of a credit roll
may be used to perform a variety of functions. FIG. 8, for
example, illustrates a method for the insertion of content
into a credit roll portion of a video stream. In step 800, a
computing system may identify the starting point of the
credit roll according to the methods and systems de-
scribed herein. In step 805, the computing system may
then identify areas of the video stream that are not oc-
cupied by text. This may be performed by analyzing the
positions of the identified text blocks and defining the
remaining space as unoccupied by text. In step 810, the
computing system may select an information item to be
displayed during the credit roll. The information item may
be a public service announcement, an advertisement
such as an interactive advertisement, news, weather, in-
teractive features and/or combinations thereof. In one
example, the information item may include a recommen-
dation for another video program. The recommendation
may be generated based on a viewer’s preferences, pro-
file information (e.g., demographics), viewer’s opinion of

the current video program and/or combinations thereof.
The computing system may further determine a duration
and size of the information item in step 815. In some
arrangements, the duration may be modified according
to a desired duration (e.g., for weather information). The
size may also be modified (e.g., shrunk down or expand-
ed as necessary).
[0029] In step 820, the computing system may identify
a portion of the credit roll of the determined duration that
includes consecutive frames having non-text occupied
space of the determined size and in the same location
throughout the consecutive frames. Consecutive frames
may refer to the frames that are extracted and analyzed
and not all frames within that portion of the credit roll. For
example, a video may comprise 30 frames per second.
However, only the extracted and analyzed 2 frames per
second (for example) of the identified credit roll portion
may be analyzed in step 820. Once identified, the com-
puting system may insert the information item in the iden-
tified portion of the credit roll and in the determined loca-
tion within each frame in step 825. Insertion may occur
at a provider’s equipment (e.g., at a central office such
as a headend or at an edge device closer to the end user)
or at the equipment of the end user (e.g., customer
premises equipment (CPE)). Insertion of the information
item may be performed for all frames for the identified
credit roll portion regardless of whether the frame was
extracted and analyzed for text blocks. Thus, in the above
example where a video stream includes 30 frames per
second, the information item may be inserted into all 30
frames per second for the identified credit roll portion.
[0030] In some examples, the information item may be
selected after identifying portions of a credit roll having
consecutive frames exhibiting consistent and continuous
areas devoid of text. The size of these textually empty
areas and the duration of the identified portion may be
determined and used in selecting an appropriate infor-
mation item. For example, a computing system may iden-
tify a segment of a credit roll having a duration of 30
seconds and including an area continuously devoid of
text and measuring 100 x 75 pixels. Accordingly, the com-
puting system may select an advertisement that is able
to fit within the determined size and having a duration
equal to or less than 30 seconds.
[0031] In other examples, once the beginning of a cred-
it roll portion has been identified, the credit roll may be
shrunk to a smaller size to allow for placement of adver-
tisements or other content outside of the credit roll bound-
ary. FIG. 9 illustrates an example of a video frame with
credit roll 900 shrunk to a smaller size and content rec-
ommendation 901 and weather information 903 inserted
outside of the shrunken credit roll frame 900.
[0032] While many of the aspects described herein
have been discussed in relation to credit rolls and the
detection thereof, the same features may be applied to
detecting the transition a portion of a content item or video
stream having substantial amounts of text and a portion
of a content item or video stream having fewer or smaller
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amounts of text.
[0033] The methods and features recited herein may
further be implemented through any number of computer
readable media that are able to store computer readable
instructions. Examples of computer readable media that
may be used include RAM, ROM, EEPROM, flash mem-
ory or other memory technology, CD-ROM, DVD or other
optical disk storage, magnetic cassettes, magnetic tape,
magnetic storage and the like. Also, some of the steps
in the described methods may be omitted.
[0034] Additionally or alternatively, in at least some
embodiments, the methods and features recited herein
may be implemented through one or more integrated cir-
cuits (ICs). An integrated circuit may, for example, be a
microprocessor that accesses programming instructions
or other data stored in a read only memory (ROM). In
some such embodiments, the ROM stores programming
instructions that cause the IC to perform operations ac-
cording to one or more of the methods described herein.
In at least some other embodiments, one or more of the
methods described herein are hardwired into an IC. In
other words, the IC is in such cases an application spe-
cific integrated circuit (ASIC) having gates and other logic
dedicated to the calculations and other operations de-
scribed herein. In still other embodiments, the IC may
perform some operations based on execution of pro-
gramming instructions read from ROM or RAM, with other
operations hardwired into gates and other logic of IC.
Further, the IC may output image data to a display buffer.
[0035] Although specific examples of carrying out var-
ious features have been described, those skilled in the
art will appreciate that there are numerous variations and
permutations of the above-described systems and meth-
ods that are contained within the spirit and scope of the
disclosure as set forth in the appended claims. Addition-
ally, numerous other embodiments, modifications and
variations within the scope and spirit of the appended
claims will occur to persons of ordinary skill in the art from
a review of this disclosure.

Claims

1. A method comprising:

determining, by a computing system, a contrast
of one or more pixels in a plurality of video
frames of a video program, the video program
comprising a credits portion;
determining, by the computing system, a
number of text blocks within each of the plurality
of video frames based on the determined con-
trast of the one or more pixels;
determining, by the computing system, a bound-
ary between the credits portion of the video pro-
gram and a remainder of the video program
based on the determined number of text blocks
within each of the plurality of video frames.

2. The method of claim 1, wherein determining the
number of text blocks within each of the plurality of
video frames includes:

defining a size of a text detection window;
partitioning a video frame into a plurality of sec-
tions based on the size of the text detection win-
dow;
determining each of the plurality of sections of
the video frame in which a pixel has a contrast
that is greater than a contrast threshold; and
combining contiguous determined sections of
the video frame to form a text block.

3. The method of claim 2, wherein defining the text de-
tection window includes defining a height of the text
detection window to be less than the width of the text
detection window when a language of the text is in-
tended to be read in a horizontal manner.

4. The method of claim 3, wherein defining the text de-
tection window includes defining a width of the text
detection window to be less than the height of the
text detection window when a language of the text
is intended to be read in a vertical manner.

5. The method according to any of the claims 2-4, fur-
ther comprising:

determining a density of points in the text block
having a contrast greater than the specified con-
trast threshold; and
removing the text block as a false positive in
response to determining that the determined
density is lower than a contrast density thresh-
old.

6. The method of claim 5, wherein the contrast density
threshold is greater than the width of the text block
divided by the width of the text detection window.

7. The method according to any of the previous claims,
further comprising at least one of:

automatically extending a recordation of the vid-
eo program until at least a time corresponding
to the determined boundary; and
inserting content different from the video pro-
gram into the video program at a point past the
determined boundary.

8. The method of claim 7, wherein the inserted content
overlays the credits portion and includes an adver-
tisement.

9. A method comprising:

determining, by a computing system, a number
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of text blocks in each of a plurality of frames in
a video content stream, wherein the video con-
tent stream corresponds to a program with a pre-
defined end time;
determining, by the computing system, whether
a beginning of a credits portion of the program
has been detected, wherein detection of the be-
ginning of the credits portion is performed based
on the determined number of text blocks in each
of the plurality of frames; and
extending, by the computing system, a record-
ing time until at least the beginning of the credits
portion is detected.

10. The method of claim 9, wherein the recording time
is extended for a predefined amount of time past a
time corresponding to the beginning of the credits
portion.

11. The method of claim 9 or 10, wherein the detection
of the beginning of the credits portion includes:

partitioning a video frame into a plurality of sec-
tions;
determining each of the plurality of sections of
the video frame in which a pixel has a contrast
that is greater than a specified contrast thresh-
old; and
combining contiguous determined sections of
the video frame to form a text block.

12. The method according to any of the claims 9-11, fur-
ther comprising:

prior to determining the number of text blocks in
each of the plurality of frames:

determining whether a predefined amount
of time prior to the predefined end time has
been reached; and
in response to determining that the prede-
fined amount of time prior the end time has
been reached, extracting the plurality of
frames from a set of all recorded frames of
the video program.

13. The method of claim 12, wherein the plurality of
frames comprises less than all of the recorded
frames of the video program.

14. The method according to any of the claims 1-8, fur-
ther comprising:

applying a wavelet to the determined number of
text blocks of each of a sequence of video
frames in the plurality of video frames to identify
a beginning of the credits portion of the video
program, wherein applying the wavelet includes:

positioning the wavelet at a first point in the
sequence of video frames;
determining a negative sum of the number
of text blocks determined for each of a plu-
rality of video frames that are chronological-
ly prior to the first point;
determining a positive sum of the number
of text blocks determined for each of a plu-
rality of video frames that are chronological-
ly after the first point; and
determining a difference between the pos-
itive sum and the negative sum.

15. The method of claim 14, wherein the wavelet is ap-
plied to multiple points in the sequence of frames
and wherein the boundary between the credits por-
tion of the video program and the remainder of the
video program corresponds to a point having the
greatest difference between the positive sum and
the negative sum.
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